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(54) Displacement control mechanism for variable displacement type compressor 



(57) A displacement control mechanism used for 
compressor is installed in a refrigerant circuit. The com- 
pressor has a bleed passage (27) and a supply passage 
(28). The displacement control mechanism includes a 
first control valve (CV1) and a second control valve 
(CV2). The first control valve (CV1 ) includes a first valve 
body (41) and a pressure sensitive member (54). The 
first valve body (41) adjusts the opening size of the sup- 
ply passage (28). The pressure sensitive member (54) 
moves in accordance with a pressure in the refrigerant 



circuit. A pressure detection region (K) is located down- 
stream of the first valve body (41). The second control 
valve (CV2) includes a second valve body (82). The sec- 
ond valve body (82) adjusts the opening size of the 
bleed passage (27). The second valve body (82) moves 
in accordance with the pressure of the pressure detec- 
tion region (K). When the pressure of the pressure de- 
tection region (K) increases, the second control valve 
(CV2) decreases the opening size of the bleed passage 
(27). This permits to start with rapid cooling perform- 
ance. 
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BRIEF SUMMARY OF THE INVENTION 



[0001] The present invention relates to a displace- s 
ment control mechanism Incorporated in a refrigerant 
circuit of an air-conditioning system for controlling the 
discharge displacement of a variable displacement type 
compressor, in which can change the discharge dis- 
placement varies in accordance with the pressure in the 10 
crank chamber. 

[0002] In general, a displacement control mechanism 
includes a supply passage forconnecting a crankcham- 
ber of a variable displacement type compressor with a 
discharge pressure region, a bleed passage for con- 15 
necting the crank chamber with a suction pressure re- 
gion, and a control valve for controlling the degree of 
opening the supply passage. The control valve controls 
the degree of opening the supply passage, i.e., the flow 
rate of refrigerant gas flowing into the crank chamber. 20 
For example, the discharge displacement of the com- 
pressor decreases as the pressure in the crank chamber 
Increases. Conversely, the discharge displacement in- 
creases as the pressure in the crank chamber decreas- 
es. 25 
[0003] When controlling the pressure in the crank 
chamber by controlling the discharge displacement of 
the compressor through regulation of the supply pas- 
sage, as compared with controlling the discharge dis- 
placement of the compressor by controlling through reg- 30 
ulation of the bleed passage, the discharge displace- 
ment of the compressor can be changed more rapidly 
since the gas in the supply passage has a higher pres- 
sure. Thus, the cooling performance of the associated 
air-conditioning system is improved. 35 
[0004] For example, when the compressor is started 
with the refrigerant in a liquid state in the crankchamber, 
the liquid refrigerant in the crank chamber is discharged 
into the suction pressure region through the bleed pas- 
sage in a liquid state and/or in an evaporated state due 40 
to, for example, a rising ambient temperature. 
[0005] When changing the discharge displacement 
by controlling the degree of opening of the supply pas- 
sage, however, a fixed restrictor is provided in the bleed 
passage for reducing the flow rate of the compressed 45 
refrigerant gas flowing into the suction pressure region. 
Therefore, upon starting the compressor, the discharge 
of the liquid refrigerant from the crank chamber through 
the bleed passage is relatively slow. As a result, a con- 
siderable part of the liquid refrigerant may be evaporat- so 
ed in the crank chamber, which may excessively in- 
crease in the pressure in the crank chamber. This ex- 
tends the time from when the control valve closes the 
supply passage until the discharge displacement of the 
compressor starts to increase. In other words, cooling ss 
is delayed. 



[0006] It is an object of the present invention to pro- 
vide a displacement control mechanism for variable dis- 
placement type compressors wherein air-conditioning 
systems can be started with rapid cooling performance. 
[0007] To attain the above object, the present inven- 
tion provides a displacement control mechanism used 
for a variable displacement type compressor. The dis- 
placement of which varies in accordance with the pres- 
sure of a crank chamber. The control mechanism is in- 
stalled in a refrigerant circuit. The refrigerant circuit in- 
cludes a suction pressure zone and a discharge pres- 
sure zone. The compressor has a bleed passage, which 
connects the crank chamber to the suction pressure 
zone, and a supply passage, which connects the crank 
chamber to the discharge pressure zone. One of the 
bleed passage and the supply passage is a control pas- 
sage that connects the crank chamber to a zone in which 
the pressure is different from the pressure of the crank 
chamber. The other is a regulating passage. The dis- 
placement control mechanism comprises a first control 
valve and a second control valve. The first control valve 
comprises a first valve body for adjusting the opening 
size of the control passage. A pressure sensitive mem- 
ber moves in accordance with a pressure in the refrig- 
erant circuit such that the displacement is varied to 
counter changes of the pressure in the refrigerant cir- 
cuit. A pressure detection region is located in the control 
passage. The pressure detection region is located 
downstream of the first valve body. The second control 
valve includes a second valve body for adjusting the 
opening size of the regulating passage. The second 
valve body moves in accordance with the pressure of 
the pressure detection region. When the pressure of the 
pressure detection region increases, the second control 
valve decreases the opening size of the control pas- 



[0008] Other aspects and advantages of the invention 
will become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0009] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a sectional view of a variable displacement 
type swash plate compressor according to a first 
embodiment of the present invention; 



Fig. 2 is a circuit diagram showing a refrigerant cir- 
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cuit according to the first e!W6diment; 
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Fig. 3 is a sectional view of a first control valve pro- 
vided in the compressor of Fig. 1 ; 

Fig. 4 is an enlarged sectional view of the vicinity of 
a second control valve provided in the compressor 
of Fig. 1; 

Fig. 5 is a sectional view for explaining an operation 
of the second control valve of Fig. 1 ; 

Fig. 6 Is an enlarged sectional view of the vicinity of 
a second control valve according to a second em- 
bodiment of the present invention; 

Fig. 7 is an enlarged sectional view of the vicinity of 
a second control valve according to a third embod- 
iment of the present invention; 

Fig. 8 is an enlarged sectional view of the vicinity of 
a second control valve according to a fourth embod- 
iment of the present invention; 

Fig. 9 is an enlarged sectional view of the vicinity of 
a second control valve according to a fifth embodi- 
ment of the present invention; 

Fig. 10 is an enlarged sectional view of the vicinity 
of a second control valve according to a sixth em- 
bodiment of the present invention; 

Fig. 1 1 is a sectional view of a first control valve with 
a second control valve incorporated therein accord- 
ing to a seventh embodiment of the present inven- 
tion; 

Fig. 12 is an enlarged sectional view for explaining 
an operation of the second control valve of Fig. 1 1 ; 

Fig. 1 3 is a sectional view of a first control valve with 
a second control valve incorporated therein accord- 
ing to an eighth embodiment of the present inven- 
tion; 

Fig. 14 is an enlarged sectional view of the vicinity 
of a second control valve according to a ninth em- 
bodiment of the present invention; and 

Fig. 15 is a circuit diagram showing an outline of a 
refrigerant circuit according to a tenth embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] In the first to tenth embodiments, the present 
invention is applied to a displacement control mecha- 



nism for variable displacement type swash plate com- 
pressors used in vehicular air-conditioning systems. In 
the second to tenth embodiments, only features differ- 
ent from those of the first embodiment will be described, 
5 and the same or corresponding components are denot- 
ed by the same reference numerals. 
[0011] As shown in Fig. 1, a variable displacement 
type swash plate compressor includes a cylinder block 
1 , a front housing member 2 joined to the front end of 

10 the cylinder block 1 , a rear housing member 4 joined to 
the rear end of the cylinder block 1 , and a valve plate 3 
between the cylinder block 1 and the rear housing mem- 
ber 4. The cylinder block 1 and the front and rear hous- 
ing members 2 and 4 form a compressor housing. 

15 [0012] A crank chamber 5 is defined between the cyl- 
inder block 1 and the front housing 2. In the crank cham- 
ber 5, a drive shaft 6 is supported. In the crank chamber 
5, a lug plate 11 is fixed to the drive shaft 6 to rotate 
together with the drive shaft 6. 

20 [0013] The front end of the drive shaft 6 is connected 
through a power transmission PT with a vehicular en- 
gine E. The power transmission PT may be a clutch 
mechanism (e.g., an electromagnetic clutch), which can 
transmit or interrupt power according to an external 

25 electric control. Alternatively, the transmission may be 
a clutchless mechanism (e.g. a combination of belt/pul- 
ley), that includes no such clutch mechanism and al- 
ways transmits power. In this embodiment, a clutchless 
type power transmission is employed. 

30 [001 4] The crank chamber 5 accommodates a swash 
plate 1 2, or a drive plate. The swash plate 1 2 is support- 
ed on the drive shaft 6 so that the swash plate 12 can 
slide along and incline relative to the drive shaft 6. A 
hinge mechanism 13 is provided between the lug plate 

35 11 and the swash plate 12. The swash plate 12 is con- 
nected with the lug plate 1 1 and the drive shaft 6 through 
the hinge mechanism 13. The swash plate 12 can be 
rotated synchronously with the lug plate 11 and the drive 
shaft 6. 

40 [0015] In the cylinder block 1 , a plurality of cylinder 
bores 1a (only one of them is shown in Fig. 1) are formed 
at constant angular intervals around the axis L of the 
drive shaft 6. Each cylinder bore 1a accommodates a 
single-headed piston 20 so that the piston 20 can recip- 

45 rocate in the cylinder bore 1 a. In each cylinder bore 1 a, 
a compression chamber is defined whose volume 
changes in accordance with the reciprocation of the pis- 
ton 20. An end portion of each piston 20 is linked to a 
peripheral portion of the swash plate 12 through a pair 

50 of shoes 19. Through this linkage, the rotation of the 
swash plate 1 2 is converted into reciprocation of the pis- 
, tons 20 in accordance with the inclination angle of the 
swash plate 12. 

[001 6] Between the valve plate 3 and the rear housing 
55 4, a suction chamber 21 and a discharge chamber 22 
surrounding the suction chamber 21 are defined. For 
each cylinder bore 1 a, the valve plate 3 is provided with 
a suction port 23, a suction valve 24 for opening and 
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closing the suction port 23, aUKharge port 25, and a 
discharge valve 26 for opening and closing the dis- 
charge port 25. Each cylinder bore 1a communicates 
with the suction chamber 21 through the corresponding 
suction port 23 and with the discharge chamber 22 s 
through the corresponding discharge port 25. 
[001 7] When each piston 20 moves from its top dead 
center position to its bottom dead center position, refrig- 
erant gas in the suction chamber 21 flows into the cor- 
responding cylinder bore 1 a through the corresponding 10 
suction port 23 and suction valve 24. When each piston 
20 moves from its bottom dead center toward its top 
dead center, the refrigerant gas in the corresponding 
cylinder bore 1a is compressed to a predetermined 
pressure. The refrigerant gas forces the corresponding 15 
discharge valve 26 to open, and the gas is discharged 
into the discharge chamber 22. 
[0018] The inclination angle of the swash plate 12 (the 
angle between a plane perpendicular to the axis of the 
drive shaft 6 and the swash plate 12) is determined on 20 
the basis of various moments, such as the moment of 
rotation caused by centrifugal force upon the swash 
plate 1 2, the moment of inertia upon each piston 20, and 
the moment of gas pressure. The moment of gas pres- 
sure depends on the relationship between the pressure 25 
in each cylinder bore 1 a and the crank pressure Pc. The 
moment of gas pressure increases or decreases the in- 
clination angle of the swash plate 1 2 in accordance with 
the magnitude of the crank pressure Pc. 
[0019] In this embodiment, a displacement control 30 
mechanism controls the crank pressure Pc to change 
the gas pressure moment. The inclination angle of the 
swash plate 12 can thus be changed between the min- 
imum inclination angle (as shown by solid lines in Fig. 
1 ) and the maximum inclination angle (as shown by the 35 
dashed line in Fig. 1). 

[0020] The displacement control mechanism includes 
a bleed passage 27, a supply passage 28, a first control 
valve CV1 , and a second control valve CV2, all of which 
are provided in the housing of the compressor shown in 40 
Fig. 1 . The bleed passage 27 connects the crank cham- 
ber 5 with the suction chamber 21, which is a suction 
pressure region. The second control valve CV2 is locat- 
ed in the bleed passage 27. The supply passage 28 con- 
nects the crank chamber 5 with the discharge chamber 45 
22, which is a discharge pressure Pd region. The first 
control valve CV1 is located in the supply passage 28. 
The supply passage 28 includes a fixed restrictor 39, 
which is formed by the valve plate 3. One of the bleed 
passage 27 and the supply passage 28 is a control pas- so 
sage and the other is a regulating passage. 
[0021] By controlling the degree of opening of the first 
and second control valves CV1 and CV2, the balance 
between the flow rate of high-pressure gas flowing into 
the crank chamber 5 through the supply passage 28 and ss 
the flow rate of gas flowing out of the crank chamber 5 
through the bleed passage 27 is controlled to determine 
the crank pressure Pc. In accordance with a change in 



the crank pressure Pc, the difference between the crank 
pressure Pc and the pressure in each cylinder bore 1a 
is changed to change the inclination angle of the swash 
plate 12. As a result, the stroke of each piston 20, i.e., 
the discharge displacement, is controlled. 
[0022] As shown in Figs. 1 and 2, the refrigerant circuit 
of the vehicular air-conditioning system is made up of 
the compressor and an external refrigerant circuit 30. 
The external refrigerant circuit 30 includes, for example, 
a condenser 31 , an expansion valve 32, and an evapo- 
rator 33. The expansion valve 32 and the evaporator 33 
constitute a depressurizing system. The degree of 
opening the expansion valve 32 is feedback controlled 
on the basis of the temperature detected by a tempera- 
ture-sensing tube 34, which is provided near the outlet 
of the evaporator 33, and the evaporation pressure (the 
pressure near the outlet of the evaporator 33). The ex- 
pansion valve 32 sends to the evaporator 33 a quantity 
of liquid refrigerant corresponding to the thermal load 
and controls the flow rate of the refrigerant in the exter- 
nal refrigerant circuit 30. 

[0023] In the external refrigerant circuit 30, a first con- 
ducting pipe 35 is provided downstream of the evapo- 
rator 33 to connect the outlet of the evaporator 33 with 
the suction chamber 21 of the compressor. In the exter- 
nal refrigerant circuit 30, a second conducting pipe 36 
is provided the upstream of the condenser31 to connect 
the inlet ofthecondenser31 with the discharge chamber 
22 of the compressor. The compressor draws refrigerant 
gas into the suction chamber 21 from the downstream 
end of the external refrigerant circuit 30 and compresses 
it. The compressor then discharges the compressed gas 
to the upstream end of the external refrigerant circuit 30 
through the discharge chamber 22. 
[0024] The greater the flow rate of the refrigerant flow- 
ing in the refrigerant circuit is, the greater the pressure 
loss per unit length of the circuit or piping is. That is, the 
pressure loss (pressure difference) in the region be- 
tween two pressure-monitoring points P1 and P2 pro- 
vided in the refrigerant circuit has a positive correlation 
with the flow rate of the refrigerant in the circuit. There- 
fore, by detecting the pressure difference APd between 
the two pressure-monitoring points P1 and P2, the flow 
rate of the refrigerant in the refrigerant circuit can be de- 
tected indirectly. 

[0025] In this embodiment, the first pressure-monitor- 
ing point P1 is provided in the discharge chamber 22, 
and the second pressure-monitoring point P2 is provid- 
ed in the second conducting pipe 36 at a predetermined 
distance from the first pressure-monitoring point P1. 
The pressure PdH at the first pressure-monitoring point 
P1 is applied to the first control valve CV1 through a first 
pressure detection passage 37, and the pressure PdL 
at the second pressure-monitoring point P2 is applied 
to the first control valve C V1 through a second pressure 
detection passage 38. 

[0026] Referring to Fig. 3, the first control valve CV1 
includes an inlet-side valve portion and a solenoid por- 
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tton 60. The Inlet-side valve pMBh controls the degree 
of opening the supply passage 28 connecting the dis- 
charge chamber 22 with the crank chamber 5. The so- 
lenoid portion 60 serves as an electromagnetic actuator 
for controlling an operation rod 40 provided in the first 
control valve CV1 on the basis of the level of an exter- 
nally supplied current. The operation rod 40 has a distal 
end portion 41 , a valve body portion 43, a connecting 
portion 42, which joins the distal end portion 41 with the 
valve body portion 43, and a guide portion 44. The valve 
body portion 43 is part of the guide portion 44. 
[0027] A valve housing 45 of the first control valve 
CV1 includes a cap 45a, an upper-half body 45b, and a 
lower-half body 45c. A valve chamber 46 and a commu- 
nication passage 47 are defined in the upper-half body 
45b. A pressure-sensing chamber 48 is defined be- 
tween the upper-half body 45b and the cap 45a. 
[0028] In the valve chamber 46 and the communica- 
tion passage 47, the operation rod 40 moves axially. The 
valve chamber 46 communicates with the communica- 
tion passage 47 selectively in accordance with the po- 
sition of the operation rod 40. The communication pas- 
sage 47 is isolated from the pressure-sensing chamber 
48 by the distal end portion 41 , which serves as part of 
the valve housing 45. 

[0029] The upper end face of a fixed iron core 62 
serves as the bottom wall of the valve chamber 46. A 
port 51 extending radially from the valve chamber 46 
connects the valve chamber 46 with the discharge 
chamber 22 through an upstream part of the supply pas- 
sage 28. A port 52 extending radially from the commu- 
nication passage 47 connects the communication pas- 
sage 47 with the crank chamber 5 through a down- 
stream part of the supply passage 28. Thus, the port 51 , 
the valve chamber 46, the communication passage 47, 
and the port 52 serve as part of the supply passage 28, 
which connects the discharge chamber 22 with the 
crank chamber 5 and serves as the control passage. 
[0030] The valve body portion 43 of the operation rod 
40 is located in the valve chamber 46. The inner diam- 
eter of the communication passage 47 is larger than the 
diameter of the connecting portion 42 of the operation 
rod 40 and smaller than the guide portion 44. That is, 
the cross-sectional area SB of the communication pas- 
sage 47 (the cross-sectional area of the distal end por- 
tion 41 perpendicularto the axis) is larger than the cross- 
sectional area of the connecting portion 42 and smaller 
than the cross-sectional area of the guide portion 44. A 
valve seat 53 is formed around the opening portion of 
the communication passage 47. 
[0031 ] When the operation rod 40 has moved from the 
position shown in Fig. 3 (the lowest position) to the up- 
permost position, at which the valve body portion 43 is 
in contact with the valve seat 53, the communication 
passage 47 is closed. The valve body portion 43 of the 
operation rod 40 serves as an inlet-side valve body (a 
first valve body) that can arbitrarily control the degree 
of opening of the supply passage 28. 



[0032] A bottomed cylindrical first pressure-sensing 
member 54 is provided in the pressure-sensing cham- 
ber 48 and is movable axially. The first pressure-sensing 
member 54 axially divides the pressure-sensing cham- 
5 ber 48 into two, i.e., first and second, pressure cham- 
bers 55 and 56. The first pressure-sensing member 54 
serves as a partition between the first and second pres- 
sure chambers 55 and 56 and interrupts communication 
between the chambers 55 and 56. The cross-sectional 
10 area SA of the first pressure-sensing member 54 is larg- 
er than the cross-sectional area SB of the communica- 
tion passage 47. 

[0033] The. first pressure chamber 55 accommodates 
a first spring 50,which is a coil spring. The first spring 
50 urges the first pressure-sensing member 54 toward 
the second pressure chamber 56. 
[0034] The first pressure chamber 55 communicates 
with the discharge chamber 22, in which the first pres- 
sure-monitoring point P1 is located, through a first port 

20 57 formed in the cap 45a and the first pressure detection 
passage 37. The second pressure chamber 56 is con- 
nected to the second pressure-monitoring point P2 
through a second port 58, which is formed in the upper- 
half body 45b of the valve housing 45, and the second 

25 pressure detection passage 38. Thus, the pressure PdH 
at the first pressure-monitoring point P1 is applied to the 
first pressure chamber 55 and the pressure PdL at the 
second pressure-monitoring point P2 is applied to the 
second pressure chamber 56. 

30 [0035] The solenoid portion 60 includes a bottomed 
cylindrical accommodation tube 61 . A fixed iron core 62 
is fitted in the accommodation tube 6 1 . A solenoid cham- 
ber 63 is defined in the accommodation tube 61 . The 
solenoid chamber 63 accommodates a movable iron 

35 core 64, which is movable axially. An axial guide hole 

65 is formed at the center of the fixed iron core 62. In 
the guide hole 65, the guide portion 44 of the operation 
rod 40 is movable axially. 

[0036] A proximal end of the operation rod 40 is ac- 
40 commodated in the solenoid chamber 63. A lower end 
of the guide portion 44 is fitted in a through hole formed 
at the center of the movable iron core 64, and the lower 
end is fixed to the movable iron core 64 by crimping. 
Thus, the movable iron core 64 is moved vertically to- 
45 gether with the operation rod 40. 

[0037] In the solenoid chamber 63, a second spring 

66 of a coil spring is located between the fixed and mov- 
able iron cores 62 and 64. The second spring 66 urges 
the movable iron core 64 downward, i.e., separates the 

50 direction in which the movable iron core 64 separates 
from the fixed iron core 62. 

[0038] A coil 67 is wound around the fixed and mov- 
able iron cores 62 and 64. The coil 67 is supplied with 
a drive signal from a drive circuit 71 based on instruc- 
ts tions from a controller 70. The coil 67 generates an elec- 
tromagnetic force F, the magnitude of which depends 
on the electric power supplied, between the fixed and 
movable iron cores 62 and 64. The electric current sup- 
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plied to the coil 67 is controllefllJEontrolling the voltage 
applied to the coil 67. In this embodiment, for the control 
of the applied voltage, a duty control is employed. 
[0039] As shown in Figs. 2 and 3, the vehicular air- 
conditioning system includes the above-mentioned con- 
troller 70. The controller 70 includes a CPU, a ROM, a 
RAM, and an I/O interface. An external information de- 
tector 72 is connected to an input terminal of the I/O in- 
terface, and the above-mentioned drive circuit 71 is con- 
nected to an output terminal of the I/O interface. 
[0040] The controller 70 calculates an adequate duty 
ratio Dt on the basis of various external information pro- 
vided from the external Information detector 72 and in- 
structs the drive circuit 71 to output a drive signal at the 
duty ratio Dt. The instructed drive circuit 71 then outputs 
the drive signal to the coil 67 of the first control valve 
CV1 . The electromagnetic force F of the solenoid por- 
tion 60 of the first control valve CV1 changes in accord- 
ance with the duty ratio Dt of the drive signal supplied 
to the coil 67. - 

[0041] The external information detector 72 includes, 
for example, an A/C switch (an ON/OFF switch of the 
air-conditioning system to be operated by an occupant 
in the vehicle) 73, a temperature sensor 74 for detecting 
the temperature in the passenger compartment, and a 
temperature setting device 75 for setting the tempera- 
ture in the passenger compartment. 
[0042] As shown in Figs. 1 and 4, an accommodation 
chamber 81 for supporting a bottomed cylindrical spool 
82 is formed in the rear housing 4. The rear housing 4 
serves as a valve housing for the second control valve 
CV2. The spool 82 is accommodated in the accommo- 
dation chamber 81 and is axially movable toward and 
away from the valve plate 3 . 

[0043] In the accommodation chamber 81, a back 
pressure chamber 83 is defined between a rear face of 
the spool 82 and the rear housing 4. A pressure detec- 
tion passage 84 branches from the supply passage 28. 
The pressure detection passage 84 connects a pres- 
sure detection region K between the first control valve 
CV1 and the fixed restrictor 39 with the back pressure 
chamber 83. Thus, the pressure Pd* of the pressure de- 
tection region K in the supply passage 28 is applied to 
the back pressure chamber 83 through the pressure de- 
tection passage 84. 

[0044] A third spring 85 is provided between the valve 
plate 3 and the spool 82. The third spring 85 urges the 
spool 82 from the valve plate 3. Thus, the position of the 
spool 82 relative to the valve plate 3 is determined by 
the force f3 of the third spring 85 and a force based on 
the crank pressure Pc in the bleed passage 27, both of 
which are directed rightward in Fig. 4, and a leftward 
force in Fig. 4 based on the pressure Pd' in the back 
pressure chamber 83. The spool 82 serves as a second 
pressure-sensing member that is displaced in accord- 
ance with the pressure Pd' of the pressure detection re- 
gion K in the supply passage 28. 
[0045] With regard to the spool 82, the effective pres- 



sure-receiving area for the pressure Pd 1 in the back 
pressure chamber 83 is equal to the effective pressure- 
receiving area for the crank pressure Pc (both are equal 
to the cross-sectional area SC of the spool 82). The third 
s spring 85 applies a light load and has a low spring con- 
stant. Therefore, if the pressure Pd' in the back pressure 
chamber 83 exceeds the crank pressure Pc even slight- 
ly, an interruption face 82a of the spool 82 comes into 
contact with the valve plate 3. 
10 [0046] The bleed passage 27 has an opening portion 
27a that is open to a space 82c in the spool 82. The 
spool 82 serves as a second valve body that can control 
the degree of opening the bleed passage 27 in accord- 
ance with the displacement of the spool 82. 
15 [0047] In the interruption face 82a of the spool 82, a 
groove 82b having a very small cross section is formed 
to extend radially. Thus, even when the interruption face 
82a is in contact with the valve plate 3, the space 82c 
in the spool 82 communicates with the suction chamber 
20 21 through the groove 82b. 

[0048] In the first control valve C V1 , the position of 
the operation rod 40 is determined as follows. Here, the 
effect of the pressure in the valve chamber 46, the pres- 
sure of communication passage 47, and the pressure in 
25 the solenoid chamber 63 on positioning of the operation 
rod 40 is ignored. 

[0049] As shown in Fig. 3, when the coil 67 is supplied 
with no electric current, the downward force f 1 + f2 by 
the first and second springs 50 and 66 dominantly acts 
30 on the operation rod 40. Thus, the operation rod 40 is 
placed at its lowermost position, and the communication 
passage 47 is fully opened. 

[0050] The crank pressure Pc is the maximum that is 
possible under the given conditions. The pressure dif- 
35 ference between the crank pressure Pc and the pres- 
sure in each cylinder bore 1 a thus becomes large. As a 
result, the inclination angle of the swash plate 12 is min- 
imized, and the discharge displacement of the compres- 
sor is also the minimized. 
40 [0051] When the coil 67 is supplied with an electric 
current having the minimum duty ratio or more within the 
variation range of the duty ratio Dt, the upward electro- 
magnetic force F becomes greater than the downward 
force f1 + f2 by the first and second springs 50 and 66, 
*5 so that the operation rod 40 is moved upward. In this 
state, the upward electromagnetic force F, which has 
been offset by the downward force f2 of the second 
spring 66, opposes the downward force based on the 
pressure difference APd, which adds to the downward 
so force f 1 of the first spring 50. Thus, the valve body por- 
tion 43 of the operation rod 40 is positioned relatively to 
the valve seat 53 so as to satisfy the following equation: 



55 PdH ■ SA - PdL(SA - SB) = F - f 1 - f2. 

[0052] For example, if the speed of the engine E de- 
creases, which decreases the flow rate of the refrigerant 
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in the refrigerant circuit, thet^y pressure difference 
APd decreases and the electromagnetic force F at that 
time cannot keep the balance between the forces acting 
on the operation rod 40. As a result, the operation rod 
40 moves upward to increase the downward force f1 + 
f2 by the first and second springs 50 and 66. The valve 
body portion 43 of the operation rod 40 is then posi- 
tioned so that the increase in the force f 1 + f2 can com- 
pensates for the decrease in the pressure difference 
APd. As a result, the degree of opening of the commu- 
nication passage 47 is decreased and the crank pres- 
sure Pc is decreased. Therefore, the pressure differ- 
ence between the crank pressure Pc and the pressure 
in each cylinder bore 1 a decreases. Thus, the inclination 
angle of the swash plate 12 is increased, which increas- 
es the discharge displacement of thecompressor. When 
the discharge displacement of the compressor is in- 
creased, the flow rate of the refrigerant in the refrigerant 
circuit is also increased, which increases the pressure 
difference APd. 

[0053] Conversely, if the speed of the engine E in- 
creases and the flow rate of the refrigerant in the refrig- 
erant circuit increases accordingly, then the pressure 
difference APd increases and the electromagnetic force 
F at that time cannot keep the balance between the forc- 
es acting on the operation rod 40. As a result, the oper- 
ation rod 40 moves downward and the valve body por- 
tion 43 of the operation rod 40 is positioned so that the 
decrease in the downward force f 1 + f2 by the first and 
second springs 50 and 66 compensates for the increase 
in the pressure difference APd. As a result, the degree 
of opening of the communication passage 47 is in- 
creased, which increases the crank pressure Pc. There- 
fore, the pressure difference between the crank pres- 
sure Pc and the pressure in each cylinder bore 1a in- 
creases. Thus, the inclination angle of the swash plate 
12 is decreased and the discharge displacement of the 
compressor is decreased accordingly. When the dis- 
charge displacement of the compressor is decreased, 
the flow rate of the refrigerant in the refrigerant circuit is 
also decreased, which decreases the pressure differ- 
ence APd. 

[0054] For example, if the duty ratio Dt of the electric 
current supplied to the coil 67 is increased to increase 
the electromagnetic force F, the pressure difference APd 
at that time cannot keep the balance between the up- 
ward and downward forces. As a result, the operation 
rod 40 moves upward and the valve body portion 43 of 
the operation rod 40 is positioned so that the increase 
in the downward force f 1 + f2 by the first and second 
springs 50 and 66 compensates for the increase in the 
upward electromagnetic force F. Therefore, the degree 
of opening of the communication passage 47 is de- 
creased, which increases the discharge displacement 
of the compressor. Thus, the flow rate of the refrigerant 
in the refrigerant circuit is increased, which increases 
the pressure difference APd. 

[0055] On the other hand, if the duty ratio Dt of the 



electric current supplied to the coil 67 is decreased to 
decrease the electromagnetic force F, the pressure dif- 
ference APd at that time cannot keep the balance be- 
tween the upward and downward forces. As a result, the 
5 operation rod 40 moves downward and the valve body 
portion 43 of the operation rod 40 is positioned so that 
the decrease in the downward force f 1 + f2 by the first 
and second springs 50 and 66 compensates for the de- 
crease in the upward electromagnetic force F. There- 
to fore, the degree of opening of the communication pas- 
sage 47 is increased, which decreases the discharge 
displacement of the compressor. Thus, the flow rate of 
the refrigerant in the refrigerant circuit is decreased, 
which decreases the pressure difference APds. 
15 [0056] As described above, to maintain a target value 
of the pressure difference APd, which is determined 
based on the electromagnetic force F from the solenoid 
portion 60, the first control valve CV1 controls the posi- 
tion of the operation rod 40 in accordance with the var- 
20 (ation of the pressure difference APd. The target value 
can be changed between its minimum value, at the min- 
imum duty ratio, and its maximum value, at the maxi- 
mum duty ratio, by changing the electromagnetic force 
F. 

25 [0057] As shown in Fig. 5, when a predetermined time 
or longer has elapsed after the engine E is stopped, the 
pressure in the refrigerant circuit becomes uniform at a 
low value. As a result, the crank pressure Pc becomes 
equal to the pressure Pd' in the back pressure chamber 
30 83. Thus, the spool 82 is separated from the valve plate 
3 due to the force f3 of the third spring 85, which fully 
opens the bleed passage 27. 

[0058] In the compressor, when employed in a gener- 
al vehicular air-conditioning system, if liquid refrigerant 
35 exists in a low-pressure section of the external refriger- 
ant circuit 30 when the engine E has been stopped for 
a relatively long time, the liquid refrigerant may flow into 
the crank chamber 5 through the suction chamber 21 
and the bleed passage 27. In particular, when the tem- 
40 perature in the passenger compartment is high and the 
temperature in the engine compartment, in which the 
compressor is disposed, is low, a large amount of liquid 
refrigerant may flow through the suction chamber 21 into 
the crank chamber 5 and stay there. Therefore, when 
45 the engine E is activated to start the compressor, the 
liquid refrigerant evaporates due to heat generated by 
the engine E and stirring by the swash plate 12. As a 
result, the crank pressure Pc may excessively increase, 
regardless of the degree of opening of the first control 
so valve CV1. 

[0059] For example, when the interior of the passen- 
ger compartment is hot and the A/C switch 73 is turned 
ON upon or immediately after starting the engine E, the 
controller 70 instructs the drive circuit 71 to supply an 
55 electric current at the maximum duty ratio so that the 
target value of the pressure difference for the first control 
valve CV1 is maximized. Thus, the first control valve 
CV1 completely closes the supply passage 28, so that 
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the pressure Pd' in the pressuWcletection region K in 
the supply passage 28, i.e., the pressure Pd' in the back 
pressure chamber 83, is kept equal to that in the crank 
chamber Pc. 

[0060] The third spring 85 keeps the spool 82 such 5 
that it fully opens the bleed passage 27. Therefore, the 
liquid refrigerant in the crank chamber 5 is rapidly dis- 
charged into the suction chamber 21 through the bleed 
passage 27 in a liquid or evaporated state. The crank 
pressure Pc is rapidly decreased in response to the first 10 
control valve CV1 being completely closed. Thus, the 
inclination angle of the swash plate 12 is rapidly in- 
creased to maximize the discharge displacement. 
[0061] As described above, when the compressor is 
in operation and the first control valve CV1 is completely 15 
closed, the second control valve CV2 largely opens the 
bleed passage 27. Therefore, even if the amount of 
blow-by gas from a cylinder bore 1a into the crank cham- 
ber 5 becomes greater than the initial design value due 
to, e.g., wear and tear of the corresponding piston 20, 20 
the blow-by gas can rapidly be discharged through the 
bleed passage 27 into the suction chamber 21. Thus, 
the crank pressure Pc can be kept substantially equal 
to the pressure Pc in the suction chamber 21 . As a re- 
sult, the maximum inclination angle of the swash plate 25 
12, i.e., the maximum discharge displacement of the 
compressor is maintained. 

[0062] When the interior of the passenger compart- 
ment has been cooled to a certain degree by the above- 
described maximum discharge displacement operation 30 
of the compressor, from immediately after the air-condi- 
tioning system was started, the controller 70 changes 
the duty ratio, which is sent to the drive circuit 71 , from 
the maximum value to a smaller value. Thus, the first 
control valve CV1 opens the supply passage 28, so that . 35 
the pressure Pd' in the pressure detection region K, i.e., 
in the back pressure chamber 83 in the supply passage 
28, becomes higher than the crank pressure Pc. 
[0063] As a result, as shown in Fig. 4, the spool 82 
moves toward the valve plate 3 against the force by the 40 
third spring 85 so that the interruption face 82a of the 
spool 82 contacts the valve plate 3. The bleed passage 
27 is then largely restricted with the groove 82b. That 
is, the supply passage 28 is opened to increase the gas 
flow into the crank chamber 5 while the gas flow out of 45 
the crank chamber 5 through the bleed passage 27 is 
considerably decreased. Thus, the crank pressure Pc 
rapidly increases, and the inclination angle of the swash 
plate 12 rapidly decreases, which rapidly decreases the 
discharge displacement. so 
[0064] When the interior of the passenger compart- 
ment becomes cold, an occupant turns the A/C switch 
73 off. When the A/C switch 73 is turned off, the control- 
ler 70 changes the duty ratio Dt, which is sent to the 
drive circuit 71 , to zero. When the duty ratio Dt is zero, 55 
the electromagnetic force F is eliminated and the first 
control valve CV1 is fully opened. The second control 
valve CV2 then largely restricts the bleed passage 27. 



Thus, the crank pressure Pc increases to be almost 
equal to the discharge pressure Pd, and the inclination 
angle of the swash plate 1 2, i.e., the discharge displace- 
ment of the compressor, is minimized; As a result, the 
power loss of the engine E is lowered when cooling is 
not required. 

[0065] As described above, when the compressor is 
in operation and the first control valve CV1 is not com- 
pletely closed, the second control valve CV2 largely re- 
stricts the bleed passage 27. Therefore, the leakage of 
compressed refrigerant gas from the discharge cham- 
ber 22 into the crank chamber 5 and the suction cham- 
ber 21 is reduced. As a result, a reduction of the refrig- 
eration cycle efficiency, caused by re-expansion of re- 
frigerant gas leaked to thesuctionchamber21 is limited. 
[0066] This embodiment has the following effects. 
[0067] The displacement control mechanism includes 
both the first control valve CV1 , which serves as an inlet- 
side control valve, and the second control valve CV2, 
which serves as a drain-side control valve. In particular, 
the inlet-side control valve CV1 is positively operated 
when changing the crank pressure Pc. Thus, the dis- 
charge displacement of the compressor is rapidly 
changed so that the cooling performance of the air-con- 
ditioning system is good. When the first control valve 
CV1 completely closes the supply passage 28, the sec- 
ond control valve CV2 fully opens the bleed passage 27 
synchronously with the operation of the first control 
valve CV1 . Thus, even if a large amount of liquid refrig- 
erant remains in the crank chamber 5 when the com- 
pressor is started, the liquid refrigerant is rapidly dis- 
charged, and the discharge displacement of the com- 
pressor can be increased. This improves the initial per- 
formance of the air-conditioning system. 
[0068] The fixed restrictor 39 is located in the supply 
passage 28 downstream of the valve seat 53 of the first 
control valve CV1. The pressure detection region K is 
provided in the supply passage 28 between the fixed 
restrictor 39 and the valve seat 53 of the first control 
valve CV1 . Thus, when the first control valve CV1 opens 
the supply passage 28 when the supply passage 28 has 
been completely closed, the pressure in the pressure 
detection region K upstream of the fixed restrictor 39 is 
increased rapidly to close the second control valve CV2, 
thereby largely restricting the bleed passage 27. As a 
result, the crank pressure Pc is rapidly increased, which 
rapidly decreases the discharge displacement of the 
compressor. 

[0069] Even when a predetermined time or more has 
elapsed after the first control valve CV1 opens the sup- 
ply passage 28, the fixed restrictor 39 can maintain the 
pressure Pd' in the pressure detection region K, which 
is upstream of the fixed restrictor 39, higher than the 
crank pressure Pc. Thus, the second control valve CV2 
continues to restrict the bleed passage 27. This effec- 
tively decreases the leakage of compressed refrigerant 
gas from the discharge chamber 22 into the suction 
chamber 21 , as described above. 
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[0070] The target value of tn^Sressure difference is 
varied by changing the duty ratio for controlling the first 
control valve CV1 . Thus, in comparison with a control 
valve having no solenoid portion 60, that is, having only 
a pressure-sensing structure with a single target value 
of the pressure difference, this embodiment more accu- 
rately controls the air-conditioning. 
[0071] In this embodiment, using the pressure differ- 
ence APd between the two pressure-monitoring points 
P1 and P2 in the refrigerant circuit as a target that is 
directly controlled, a feedback control for the discharge 
displacement of the compressor is accomplished. Thus, 
the discharge displacement is externally controlled with 
good response and is scarcely affected by the thermal 
load on the evaporator 33. 

[0072] Since the second pressure-sensing member 
and the second valve body are united as the spool 82, 
the structure of the second control valve CV2 is simple. 
[0073] The second embodiment of the present inven- 
tion shown in Fig. 6 differs from the first embodiment 
shown in Figs. 1 to 5 in that the back pressure chamber 
83 in the second control valve CV2 is part of the supply 
passage 28 (the pressure detection region K). This em- 
bodiment has the following effect in addition to the ef- 
fects of the first embodiment shown in Figs. 1 to 5. In 
this embodiment, the pressure detection passage 84 
can be eliminated from the displacement control mech- 
anism. Thus, in manufacturing the compressor, the dif- 
ficult process of branching the pressure detection pas- 
sage 84 from the supply passage 28, i.e., highly accu- 
rate machining of the fine holes, is unnecessary. This 
reduces of the manufacturing cost of the compressor. 
[0074] In the third embodiment of the present inven- 
tion shown in Fig. 7, the groove 82b is eliminated from 
the interruption face 82a of the spool 82 shown in Fig. 
4. The distal end of the spool 82 is formed into a large- 
diameter portion 82d as shown in Fig. 7. The cross-sec- 
tional area of the interruption face 82a, i.e., the effective 
pressure-receiving area SD for receiving the crank pres- 
sure Pc, is larger than the effective pressure-receiving 
area SC forthe pressure Pd' in the back pressure cham- 
ber 83. A suction pressure Ps acts on the step face 90 
of the large-diameter portion 82d in the direction, in 
which the interruption face 82a contacts the valve plate 
3, i.e., the direction in which the valve is closed. 
[0075] Therefore, the position of the spool 82 relative 
to the valve plate 3 is determined in accordance with the 
balance between a force SD • Pc based on the crank 
pressure Pc and the force f3 by the third spring 85, which 
are rightward forces in Fig. 7, and a force SC • Pd 1 based 
on the pressure Pd' in the back pressure chamber 83 
and a force (SD - SC)Ps based on the suction pressure 
Ps, which are leftward forces In Fig. 7. 
[0076] When the interruption face 82a of the spool 82 
is in contact with the valve plate 3, the bleed passage 
27 is fully closed. Therefore, in comparison with the em- 
bodiment of Fig. 4, which has the groove 82b and in 
which gas can properly be drained from the crank cham- 



ber 5 even when the spool 82 is in contact with the valve 
plate 3, the crank pressure Pc is apt to increase exces- 
sively only by controlling the degree of opening the first 
control valve CV1 . If the crank pressure Pc excessively 

5 increases, the discharge displacement of the compres- 
sor excessively decreases and the first control valve 
CV1 may fully close the supply passage 28 to largely 
decrease the crank pressure Pc. Thus, the second con- 
trol valve CV2 fully opens the bleed passage 27, and 

10 the crank pressure Pc may be excessively decreased. 
Due to such cyclic behavior, the crank pressure Pc, i.e., 
the discharge displacement of the compressor, does not 
stabilize. This impairs the cooling performance of the 
air-conditioning system. 

15 [0077] In this embodiment, however, the effective 
pressure-receiving area SD for receiving the crank pres- 
sure Pc in the bleed passage 27 is larger than the effec- 
tive pressure-receiving area SC for receiving the pres- 
sure Pd 1 in the back pressure chamber 83. Thus, even 

20 when the crank pressure Pc is lower than the pressure 
Pd* in the back pressure chamber 83, if the crank pres- 
sure Pc is going to increase excessively, more specifi- 
cally, the rightward pressing force SD • Pc + f3 in Fig. 7 
exceeds the leftward pressing force SC • Pd* + (SD - SC) 

25 p s , the spool 82 can be moved from the position at which 
the bleed passage 27 is closed to the position at which 
the bleed passage 27 is fully open. As a result, the bleed 
passage 27 is opened to prevent an excessive increase 
in the crank pressure Pc. Thus, even if the degree of 

30 opening of the first control valve CV1 is rapidly in- 
creased, the crank pressure Pc, i.e., the discharge dis- 
placement of the compressor rapidly stabilizes, which 
improves the cooling performance of the air-condition- 
ing system. 

35 [0078] The fourth embodiment of the present inven- 
tion shown in Fig. 8 differs from the embodiment of Fig. 
7 in that the third spring 85 is eliminated from the second 
control valve CV2. 

[0079] More specifically, in the spool 82 of the embod- 
40 iment of Fig. 7, the effective pressure-receiving area SD 
for receiving the crank pressure Pc in the bleed passage 
27 Is larger than the effective pressure-receiving area 
SC for receiving the pressure Pd* in the back pressure 
chamber 83. Thus, even if the first control valve CV1 
^5 completely closes the supply passage 28 and the crank 
pressure Pc is equal to the pressure Pd' in the back 
pressure chamber 83, the rightward force in Fig. 7 acting 
on the spool 82 exceeds the leftward force by (Pc - Ps) 
x (SD - SC). 

so [0080] In this embodiment, therefore, even when the 
second control valve CV2 does not have the third spring 
85 (the force f3) , when the first control valve CV1 chang- 
es from a state of opening the supply passage 28 to a 
state of completely closing the supply passage 28 can 

55 surely the spool 82 separates from the valve plate 3 to 
change the bleed passage 27 from a completely closed 
state to a fully opened state. Thus, the function of the 
third spring 85 is performed by using the crank pressure 
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Pc and the suction pressure P8WT this embodiment, in 
which the third spring 85 is not employed, the number 
of parts of the compressor is reduced. 
[0081 ] In the fifth embodiment of the present invention 
shown in Fig. 9, the downstream portion of the supply s 
passage 28 between the back pressure chamber 83 of 
the second control valve 82 and the crank chamber 5 is 
eliminated. A communication passage 86 for connecting 
the back pressure chamber 83 with the space 82c is 
formed in the bottom wall of the spool 82. The crank io 
chamber 5 always communicates with the suction 
chamber 21 through a second bleed passage 87 as a 
pressure passage . The groove 82b Is eliminated from 
the interruption face 82a of the spool 82. 
[0082] In the second control valve CV2, the pressure *5 
Pd' becomes eq ual to the pressure of the crank chamber 
Pc when the first control valve CV1 completely closes 
the supply passage 28. The spool 82 then fully opens 
the bleed passage 27 because of the force f 3 by the third 
spring 85. Introducing refrigerant gas through the bleed 20 
passage 27 and the second bleed passage 87 decreas- 
es the crank pressure Pc. 

[0083] When the first control valve CV1 opens the 
supply passage 28, the pressure Pd' in the back pres- 
sure chamber 83 increases and the spool 82 contacts 25 
the valve plate 3 to completely close the bleed passage 

27. Thus, the increase in the pressure in the back pres- 
sure chamber 82 is transmitted to the crank chamber 5 
through the communication passage 86, the space 82c, 
and the bleed passage 27, thereby increasing the crank 30 
pressure Pc. That is, when the second control valve CV2 

is completely closed, the back pressure chamber 82, the 
communication passage 86, the space 82c, and the 
bleed passage 27 serve as part of the supply passage 

28. 35 

[0084] In the second control valve CV2, the commu- 
nication passage 86, which serves as part of the supply 
passage 28, is smaller in cross section than either of the 
preceding and succeeding sections of the supply pas- 
sage 28. Thus, the communication passage 86 serves 40 
as the fixed restrictor 39 in the supply passage 28, That 
is, the back pressure chamber 83 of the second control 
valve CV2 is in the pressure detection region K in the 
supply passage 28, like the second embodiment shown 
in Fig. 6. 45 
[0085] This embodiment has the following effects in 
addition to the above-described effects of the second 
embodiment. 

[0086] When the second control valve CV2 is com- 
pletely closed, the back pressure chamber 82, the com- so 
munication passage 86, the space 82c, and the bleed 
passage 27 serve as part of the supply passage 28. 
Thus, since the pressure detection region K portion as 
shown in Fig. 6 need not be formed in the rear housing 
4, the step of forming this portion can be eliminated, 55 
which reduces the manufacturing cost of the compres- 
sor. 

[0087] The crank chamber 5 is always open to the 



suction chamber 21 through the second bleed passage 
87. Thus, even when the first control valve CV1 opens 
the supply passage 28 and the second control valve 
CV2 is completely closed, gas can be introduced from 
the crank chamber 5 into the suction chamber 21 
through the second bleed passage 87. As a result, a re- 
frigerant gas flow from the discharge chamber 22 into 
the suction chamber 21 occur through the supply pas- 
sage 28, the back pressure chamber 83, the communi- 
cation passage 86, the space 82c, the bleed passage 
27, the crank chamber 5, and the second bleed passage 
87. Thus, the interior of the crank chamber 5 can be fully 
cooled by the flow of the refrigerant gas at a relatively 
low temperature. Furthermore, the deterioration of the 
sliding surfaces (e.g., between the shoe 19 and the 
swash plate 12), which is caused by temperature rising 
in the crank chamber 5, is reduced. 
[0088] The sixth embodiment of the present invention 
shown in Fig. 10 differs from the embodiment of Fig. 9 
in that the space 82c of the spool 82 is part of the back 
pressure chamber 83 and the communication passage 
86 is formed on the valve plate 3 side. 
[0089] The large-diameter portion 82d is formed in the 
front end portion of the spool 82 on the valve plate 3 
side. From the view of the function of the large-diameter 
portion 82d corresponding to the function of the third 
spring 85 (for restoring the spool 82 from the closed po- 
sition to the fully open position), the third spring 85 is 
eliminated from the second control valve CV2. Substan- 
tially at the center of the large-diameter portion 82d, a 
valve portion 82g that can control the degree of opening 
the bleed passage 27 is provided at the position corre- 
sponding to the opening 27a of the bleed passage 27. 
The valve portion 82g is formed at the same level as the 
large-diameter portion 82d toward the valve plate 3 or 
to protrude beyond the large-diameter portion 82d by 
several tens of \im. 

[0090] The opening portion 27a of the second bleed 
passage 87 is opposed to the valve portion 82g of the 
spool 82. That is, like the embodiment of Fig. 8, to obtain 
the function of the third spring 85, the crank pressure Pc 
must act on the entire surface of the front end portion of 
the spool 82. In this embodiment, the crank pressure Pc 
through the second bleed passage 87 is directly applied 
to a portion radially outward of than the interruption face 
82a. Furthermore, the gap between the large-diameter 
portion 82d and the valve plate 3 is set to be narrow. 
Thus, the radially outer portion can be under the influ- 
ence of the crank pressure Pc. 
[0091] In this embodiment, the spool 82 is reversed 
in the right and left directions to that of the embodiment 
shown in Fig. 9. Thus, the communication passage 86 
can be open directly in the same plane as the interrup- 
tion face 82a. In this embodiment, when the first control 
valve CV1 opens the supply passage 28 and the spool 
82 contacts the valve plate 3, the flow of the refrigerant 
gas through the opening portion 27a into the bleed pas- 
sage 27 is restricted by the communication passage 86. 
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[0092] Thus, the flow of theHPRgerant gas from the 
back pressure chamber 83 of the spool 82 Into the sup- 
ply passage 28 (or the bleed passage 27) is accelerated, 
and the refrigerant gas can be sent through the supply 
passage 28 (the bleed passage 27) into the crank cham- s 
ber 5 by the accelerated flow. That is, more refrigerant 
gas can be introduced from the discharge chamber 22 
into the suction chamber 21 through the supply passage 
28, the back pressure chamber 83, the communication 
passage 86, the bleed passage 27, the crank chamber 10 
5, and the second bleed passage 87. Thus, the interior 
of the crank chamber 5 can be fully cooled by the flow 
of the refrigerant gas, which has a relatively low temper- 
ature. Furthermore, deterioration of the sliding surfaces 
(e.g., between the shoe 19 and the swash plate 12), 15 
which is caused by high temperatures in the crank 
chamber 5, is limited. 

[0093] The seventh embodiment of the present inven- 
tion shown in Figs. 11 and 12 differs from the embodi- 
ment shown in Fig. 9 in that the second control valve 20 
CV2 is incorporated in the valve housing 45 of the first 
control valve CV1 . In the first control valve CV1 of this 
embodiment, the flow directions between the ports 51 
and 52 is reversed with respect to that in the first control 
valve CV1 shown in Fig. 3. That is, the upstream side 25 
of the supply passage 28 is connected to the port 52 
and the upstream side of the bleed passage 27, which 
serves as a downstream portion of the supply passage 
28, is connected to the port 51 . 

[0094] A bottomed cylindrical spool 82 is fitted in the 30 
valve chamber 46 of the first control valve CV1 so that 
the spool 82 can slide in the axial direction of the valve 
housing 45. That is, the valve chamber 46 serves as a 
support for the spool 82. In the top wall of the spool 82, 
a hole 82e is formed through which the operation rod 40 35 
is fitted. In the uppermost portion of the valve chamber 
46, a back pressure chamber 83 is defined by the valve 
housing 45 and the upper end face of the spool 82. 
[0095] The back pressure chamber 83 communicates 
with the space 82c in the spool 82 through the gap be- 40 
tween the spool 82 and the operation rod 40 in the hole 
82e. A communication hole 82f is formed through a side 
wall portion of the spool 82. The back pressure chamber 
83 communicates with the port 51 through the space 82c 
in the spool 82 and the communication hole 82f. 45 
[0096] A radial port 88 is provided in the circumferen- 
tial wall of the valve housing 45 surrounding the lower- 
most portion of the valve chamber 46. The port 88 is 
provided for connecting the valve chamber 46 with the 
suction chamber 21 through a downstream portion of so 
the bleed passage 27. The port 88 communicates with 
the valve chamber 46 (the space 82c in the spool 82) 
through a gap between the interruption face 82a of the 
spool 82 and the upper end face of the fixed iron core 62. 
[0097] The communication passage 86 formed by the 55 
gap between the spool 82 and the operation rod 40 in 
the hole 82e is smaller In cross section than either of the 
preceding and succeeding flow passage sections. The 



communication passage 86 of this embodiment has the 
same function as the communication passage 86 of the 
embodiment of Fig. 9 and the fixed restrictor 39 of the 
embodiment of Fig. 4. Thus, the back pressure chamber 
83 located between the communication passage 86 and 
the valve seat 53 of the first control valve CV1 serves 
as the pressure detection region K. 
[0098] As shown in Fig. 1 1 , when the valve body por- 
tion 43 of the operation rod 40 opens the commun ication 
passage 47, the force of the pressure Pd' in the back 
pressure chamber 83 exceeds force of the crank pres- 
sure Pc in the space 82c and the force f3 by the third 
spring 85. The spool 82 is thus moved downward so that 
its interruption face 82a contacts the upper end face of 
the fixed iron core 62. Thus, communication between 
the port 88 and the valve chamber 46 is interrupted, and 
the portion of the bleed passage 27 upstream of the 
valve seat 53 of the second control valve CV2 serves 
as part of the supply passage 28. 
[0099] As shown in Fig. 12, when the valve body por- 
tion 43 of the operation rod 40 closes the communication 
passage 47, the pressure Pd' in the back pressure 
chamber 83 becomes almost equal to the crank pres- 
sure Pc. As a result, the force f3 by the third spring 85 
separates the interruption face 82a of the spool 82 from 
the upper end face of the fixed iron core 62. Thus, the 
port 88 communicates with the valve chamber 46, which 
opens the bleed passage 27. The refrigerant gas in the 
crank chambers then flows into the suction chamber 21 
through the bleed passage 27. 
[0100] This embodiment has the following effect in ad- 
dition to the effects of the embodiment shown in Fig. 9. 
Since the first and second control valves CV1 and CV2 
are united in the valve housing 45, the work of installing 
up the first and second control valves CV1 and CV2 in 
the rear housing 4 is simplified in manufacturing the 
compressor. 

[0101] The eighth embodiment of the present inven- 
tion shown in Fig. 13 differs from the embodiment of 
Figs. 11 and 12 in the pressure-sensing structure of the 
first control valve CV1 . 

[0102] The pressure-sensing chamber 48 accommo- 
dates a bellows 91 as a first pressure-sensing member. 
The bellows 91 is connected with the distal end portion 
41 of the operation rod 40. The pressure-sensing cham- 
ber 48 is connected with the suction chamber 21 through 
a pressure detection passage 92. A suction pressure Ps 
is introduced into the pressure-sensing chamber 48 
through the pressure detection passage 92. Thus, ex- 
pansion and contraction of the bellows 91 caused by the 
variation of the suction pressure Ps is reflected on the 
positioning of the valve body portion 43 of the operation 
rod 40. 

[0103] For example, as the suction pressure Ps de- 
creases, the bellows 91 is expanded, and then the op- 
eration rod 40 is moved downward to increase the de- 
gree of opening of the communication passage 47. 
Thus, the crank pressure Pc is increased, which de- 
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creases the discharge displacement of the compressor 
and increases the suction pressure Ps. Conversely, as 
the suction pressure Ps increases, the bellows 91 is 
contracted. The operation rod 40 is then moved upward, 
which decreases the degree of opening of the commu- 
nication passage 47. Thus, the crank pressure Pc is de- 
creased, which increases the discharge displacement 
of the compressor and decreases the suction pressure 
Ps. 

[0104] That is, to maintain a target value of the suction 
pressure Ps, which is determined in accordance with the 
electromagnetic force F from the solenoid portion 60, 
the first control valve CV1 automatically positions the 
operation rod 40 internally in accordance with the vari- 
ation of the suction pressure Ps. The target value of the 
suction pressure Ps is varied by changing the electro- 
magnetic force F. 

[01 05] This embodiment has the following effect in ad- 
dition to the effects of the embodiment shown in Figs. 
1 1 and 1 2. The first control valve CV1 feedback controls 
the discharge displacement of the compressor using, as 
a control index, the absolute value of the suction pres- 
sure Ps, which reflects the cooling load. Thus, the dis- 
charge displacement is controlled to correspond to the 
cooling load. 

[0106] The present invention may include the follow- 
ing modifications. 

[0107] As in the ninth embodiment of the present in- 
vention shown in Fig. 14, the part of the spool 82 for the 
valve body function, for example, in the embodiment of 
Fig. 10, may be supported in the rear housing 4 with a 
bellows 95 between them. In this case, the space be- 
tween the bellows 95 and the rear housing 4 serves as 
the back pressure chamber 83. This construction can 
prevent a situation where the spool 82 cannot move 
smoothly because of a foreign substance caught be- 
tween the outer circumferential surface of the spool 82 
and the inner circumferential surface of the accommo- 
dation chamber 81 . A diaphragm may be substituted for 
the bellows 95. 

[0108] In each of the embodiments of Figs. 1 to 13, 
the relationship between the spool 82 and the accom- 
modation chamber 81 or valve chamber 46 is not limited 
to a convex spool 82 and a concave accommodation 
chamber 81 or valve chamber 46. The reverse relation- 
ship, in which the spool 82 is concave and the accom- 
modation chamber 81 or valve chamber 46 side is con- 
vex is also possible. 

[0109] As in the tenth embodiment shown in Fig. 15, 
the first pressure-monitoring point P1 may be between 
the evaporator 33 and the suction chamber 21 in the 
suction pressure region (in Fig. 15, in the conducting 
pipe 35) and the second pressure-monitoring point P2 
may be downstream of the first pressure-monitoring 
point P1 in the same suction pressure region (in Fig. 1 5, 
within the suction chamber 21). 
[0110] The first pressure-monitoring point P1 may be 
between the discharge chamber 22 and the condenser 



31 in the discharge pressure region, and the second 
pressu re-monitoring point P2 may be between the evap- 
orator 33 and the suction chamber 21 in the suction 
pressure region. 

5 [0111] The first pressure-sensing member of the first 
control valve CV1 move according to the absolute value 
of the discharge pressure Pd. In other words, the first 
control valve CV1 may automatically position the oper- 
ation rod 40 internally in accordance with variation of the 

10 discharge pressure Pd to maintain a target value of the 
discharge pressure Pd, which is determined in accord- 
ance with the electromagnetic force F of the solenoid 
portion 60. 

[01 1 2] The first control valve CV1 is a drain-side con- 
's trol valve for controlling the degree of opening of the 
bleed passage 27 and the second control valve CV2 
may be an inlet-side control valve for controlling the de- 
gree of opening of the supply passage 28. 
[0113] The present invention can be applied also to 
20 displacement control mechanisms for variable displace- 
ment type wobble compressors. 
[0114] A power transmission mechanism PT with a 
clutch mechanism such as an electromagnetic clutch 
may be used. 

25 [0115] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 

30 ing forms. 

[01 1 6] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 

35 and equivalence of the appended claims. 

[0117] A displacement control mechanism used for 
compressor is installed in a refrigerant circuit. The com- 
pressor has a bleed passage (27) and a supply passage 
(28). The displacement control mechanism includes a 

40 first control valve (CV1) and a second control valve 
(CV2). The first control valve (CV1 ) includes a first valve 
body (41) and a pressure sensitive member (54). The 
first valve body (41) adjusts the opening size of the sup- 
ply passage (28). The pressure sensitive member (54) 

45 moves in accordance with a pressure in the refrigerant 
circuit. A pressure detection region (K) is located down- 
stream of the first valve body (41). The second control 
valve (CV2) includes a second valve body (82). The sec- 
ond valve body (82) adjusts the opening size of the 

so bleed passage (27). The second valve body (82) moves 
in accordance with the pressure of the pressure detec- 
tion region (K). When the pressure of the pressure de- 
tection region (K) increases, the second control valve 
(CV2) decreases the opening size of the bleed passage 

55 (27). This permits to start with rapid cooling perform- 
ance. 
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1 . A displacement control mechanism used for a var- 
iable displacement type compressor, the displace- 
ment of which varies in accordance with the pres- 5 
sure of a crank chamber (5), wherein the control 
mechanism is installed in a refrigerant circuit, 
wherein the refrigerant circuit includes a suction 5. 
pressure zone and a discharge pressure zone, and 

the compressor has a bleed passage (27), which 10 
connects the crank chamber (5) to the suction pres- 
sure zone, and a supply passage (28), and the other 
is a regulating passage, the displacement control 
mechanism being characterized by: 

15 

a first control valve (CV1 ), the first control valve 
(CV1) comprising: 

6. 

a first valve body (41) for adjusting the 
opening size of the control passage; 20 
a pressure sensitive member (54) that 
moves in accordance with a pressure in the 
refrigerant circuit such that the displace- 
ment is varied to counter changes of the 
pressure in the refrigerant circuit; 25 
a pressure detection region (K) located in 
the control passage, wherein the pressure 
detection region (K) is located downstream 
of the first valve body (41); 

30 

a second control valve (CV2), wherein the sec- 
ond control valve (CV2) includes a second 
valve body (82) for adjusting the opening size 
of the regulating passage, wherein the second 
valve body (82) moves in accordance with the 35 
pressure of the pressure detection region (K), 
wherein, when the pressure of the pressure de- 
tection region (K) increases, the second control 
valve (CV2) decreases the opening size of the 7. 
regulating passage. 40 

2. The displacement control mechanism according to 
claim 1 , characterized in that a fixed restrictor (39) 
is located a downstream of the first valve body (41 ), 
wherein the pressure detection region (K) is be- 45 8. 
tween the first valve body (41 ) and the fixed restric- 
tor (39). 

3. The displacement control mechanism according to 

claim 1 , characterized in that the control passage so 9. 
is the supply passage (28), wherein the regulating 
passage is the bleed passage (27). 

4. The displacement control mechanism according to 
claim 3, characterized in that a force based on the 55 
pressure of the pressure detection region (K) acts 10. 
in a direction to close the control passage, wherein 

a force based on the pressure of the bleed passage 



(27) acts in a direction to open the regulating pas- 
sage, wherein an opening size of the second control 
valve (CV2) is controlled in accordance with the 
pressure difference between the pressure of the 
pressure detection region (K) and the pressure of 
the bleed passage (27). 

The displacement control mechanism according to 
claim 4, characterized in that the second valve 
body (82) has a first effective pressure receiving ar- 
ea (SD), which receives the pressure of the pres- 
sure detection region (K), and a second effective 
pressure receiving area (SC), which receives the 
pressure of the bleed passage (27), and the first ef- 
fective pressure receiving area (SD) is greater than 
the second effective pressure receiving area (SC). 

The displacement control mechanism according to 
claim 4, the second control valve (CV2) being char- 
acterized by: 

a valve housing (4); 

an accommodating chamber (81 ) located in the 
valve housing (4), wherein the second pressure 
sensitive member (54) is a movable spool (82) 
fitted in the accommodating chamber (81); 
a back pressure chamber (83) defined between 
the accommodating chamber (81) and the 
spool (82), wherein the pressure of the pres- 
sure detection region (K) is applied to the back 
pressure chamber (83), wherein the spool (82) 
moves based on the pressure difference be- 
tween the pressure of the back pressure cham- 
ber (83) and the pressure of the bleed passage 
(27), wherein the opening size of the bleed pas- 
sage (27) is adjusted in accordance with the 
movement of the spool (82). 

The displacement control mechanism according to 
claim 6, characterized in that a communication 
passage (86) is formed in the spool (82), wherein 
the communication passage (86) connects the back 
pressure chamber (83) to the regulating passage. 

The displacement control mechanism according to 
claim 7, characterized in that a pressure passage 
(87) connects the crank chamber (5) to the suction 
pressure zone. 

The displacement control mechanism according to 
any one of claims 1 to 8, characterized in that the 
first control valve (CV1) and the second control 
valve (CV2) are located in a single valve housing 
(45). 

The displacement control mechanism according to 
any one of claims 1 to 9, characterized in that the 
first control valve (CV1) has an actuator (60), 
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wherein the actuator (60)Wies the force that ap- 
plies to the pressure sensitive member (54) in ac- 
cordance with an external command. 

1 1 . The displacement control mechanism according to 5 
claim 10, characterized in that the actuator is a 
solenoid (60), wherein the solenoid (60) varies force 

in accordance with a supplied electrical current. 

12. The displacement control mechanism according to 10 
any one of claims 1 to 8, characterized in that the 
pressure sensitive member (54) moves in accord- 
ance with the pressure difference between two 
pressure monitoring points (P1 , P2)in which are lo- 
cated in the refrigerant circuit. 15 

13. The displacement control mechanism according to 
any one of claims 1 to 8, characterized in that the 
sensitive pressure member (54) moves in accord- 
ance with the pressure of the suction pressure 20 



zone. 
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Fig. 10 
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Fig. 14 
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tion region (K). When the pressure of the pressure de- 
tection region (K) increases, the second control valve 
(CV2) decreases the opening size of the bleed passage 
(27). This permits to start with rapid cooling perform- 
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